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Data collection
To describe the diet of M. manacus, we conducted direct observations of its foraging behavior on plant species, collected seeds from feces and regurgitations of mist-netted individuals from April 2009 to March 2011, and collected seeds in 21 courts used by resident males in five lek areas from March 2010 to February 2011 in Itanhaém, Peruíbe, and Iguape municipalities. The foraging behavior of M. manacus was characterized considering the height of the fruits eaten, the foraging manoeuvres according to Remsen Junior & Robinson (1990) , and the fruit handling behavior (fruits swallowed whole or piecemeal). Considering that manakins may take several fruits during a feeding bout, we recorded only the first feeding event of individuals to quantify the species' foraging behavior. Characteristics of the fruit species such as fruit type, ripeness (assessed visually by inspecting their coloration and consistency: greenish and harder fruits were considered unripe; yellowish, darkish, and softer fruits were considered ripe), length and width (measured with a digital caliper), and number of seeds were accessed in the field. Mist-netted individuals were kept in cages with foam-lined walls for 30 min before being released, and all spontaneous regurgitated or defecated seeds collected within this period were considered a sample. Seeds collected on courts and its immediate vicinity (0.70 m 2 of total sampled area per court) were accumulated monthly to a final number of species per court. We considered these seeds as most likely regurgitated and defecated by M. manacus due the substantial time that they spent near their courts (see Cestari 2010 , Cestari & Pizo 2012 , although we cannot discard the possibility that some of the seeds have been deposited by other frugivores. All the seeds were identified to the lowest taxonomic level possible by comparison with a reference collection assembled during the study, and also consulting the literature and specialists. We followed the botanical nomenclature from Missouri Botanical Garden's eletronic databases (www.tropicos.org).
Data analyses
We evaluated the degree of completeness of the fruit sampling in the diet of M. manacus by plotting accumulation curves of plant species consumed according to each of the methods employed to sample diet.
The monthly frequency of feeding events on ripe and unripe fruits by M. manacus was compared using Wilcoxon test. We employed Bioestat 5.0 (Ayres et al. 2004 ) for all analyses. Significance was accepted at P ≤ 0.05.
Results
Manacus manacus consumed fruits of 49 plant species which were taken at 3.5 ± 1.9 m height (range: 0.2 -9 m; N = 194) and 1.5 ± 1.6 m below the forest canopy (range: 0 -6.5 m). Birds frequently used sally-strike (59% of foraging manoeuvres, N = 194) and glean (35%) manoeuvres to take fruits, followed by reach (4%) and sally-hover (2%). Fruits were preferentially swallowed whole (89%). There was no difference in monthly frequency of ingestion of ripe (54% of feeding bouts) and unripe fruits (46%) (Z = 0.62, df = 24, P = 0.53; Figure 1 ). Seeds from 21 plant species were recorded from birds held in cages, while 45 species were collected below courts of male manakins. Overall, M. manacus consumed fruits (mainly of the berry type) of 58 plants species and 30 plant families that contained from 0 to 86 seeds, and varied from 3.1 to 12 mm in diameter (Table 1) . Species accumulation curves revealed that new species might be added to our sampling (Figure 2 ). Myrtaceae (10 spp.), Melastomataceae (5 spp.), and Rubiaceae were the most consumed plant families.
Introduction
Most woody plants rely on frugivores to disperse their seeds in tropical forests (Gentry 1982) . The number of fruit species consumed, the patterns of fruit removal, and the seed treatment given by a frugivore may influence seed dispersal effectiveness, and, ultimately, plant recruitment (Schupp 1993 , Schupp et al. 2010 . Manakins (Pipridae) are small frugivorous passerines abundant in the understory of primary and secondary neotropical forests (Blake & Loiselle 2002 , Loiselle et al. 2007 . Manakins have broad diets, eating whole a great variety of small fruits, thus potentially exerting important role as seed dispersers (Worthington 1982 , Blake & Loiselle 2002 , Snow 2004 .
In restinga forests in southeastern Brazil, an ecosystem associated to the Atlantic forest biome, the White-bearded Manakin Manacus manacus (Linnaeus, 1766) is one of the most common passerines. In the present study, our objective is to describe the fruit diet and fruit consumption behavior of M. manacus in well-preserved patches of restinga forests in the southern portion of São Paulo state. More specifically, we assessed: (1) the number of plant species whose fruits were eaten by M. manacus, (2) the ripeness and biometrics of these fruits, and (3) the fruit removal manoeuvres and fruit handling techniques used by M. manacus. We suggest that the broad frugivorous diet of M. manacus contribute to the dispersal and recruitment of a variety of plants in restinga forest, which is nowadays heavily impacted by urbanization (Sampaio 2005 ).
Material and Methods

Study area
The study was conducted in the lowland forests of Itanhaém (24° 10' 11.9" S and 46° 55' 32.81" W), Peruíbe (24° 15' 10.81" S and 46° 55' 16.94" W), and Juréia Itatins Ecological Station (Iguape, 24° 28' 07.4" S and 47° 07' 13.17" W), in the state of São Paulo, southeastern Brazil. The regional climate is subtropical and humid. Mean annual rainfall is 2,278 mm with the rainy season occurring from October to April, and the dry season from May to September. Mean annual temperature is 21.4° C, with maximum and minimum temperatures averaging 25.8° C and 19.0° C, respectively (Tarifa 2004) . Study areas are still predominantly covered by restinga, a structurally simple vegetation composed by halophytic herbs and shrubs growing in the vicinity of the sea, and more complex vegetation in lowland and lower mountain forests as one moved further into the continent (Sampaio 2005) . The most speciose plant families in the region are Myrtaceae, Leguminosae, Rubiaceae, Melastomataceae, Lauraceae, and Annonaceae (Mamede et al. 2004 ). The bird community of the region includes 314 species. Tanagers (Thraupidae) and flycatchers (Tyrannidae) are the most speciose bird families (Develey 2004 ).
Bird species
Manacus manacus is a small frugivorous (15-18 g weight; 8 cm wide gape size) and lekking passerine from lowland forests in the Neotropics. It has a widespread geographic distribution from Colombia to NE Argentina, inhabiting continuous and fragmented Amazonian and Atlantic forests in Brazil (Sick 1997 , Snow 2004 . In restinga, M. manacus is one of the most common manakin species (other common species is the Swallow-tailed Manakin Chiroxiphia caudata). It is sympatric with nearly 76 frugivorous bird species (C. C., pers. obs.). Secondary forests with high abundance of fruits are the preferred habitat of M. manacus (Snow 1962) . Resident males of this species concentrate in lek areas composed by 2 to 70 oval courts of 0.15-0.9 m in diameter set on the ground of the forest wherein they display individually to attract potential mates (Snow 1962 
Discussion
Although forests may differ markedly in plant species diversity and researchers may use different sampling methods to collect data on bird diets, our results focused on the fruit diet of M. manacus in restinga forests corroborated data from other studies that showed a great variety of fruits consumed by manakin species in the understory of neotropical forests. We recorded 58 species of plants consumed by M. manacus and more plant species will likely be added if we continued sampling. Snow (1962) recorded 105 species of fruits consumed by M. manacus in Trinidad Island. Worthington (1982) recorded at least 62 species of plants whose fruits were fed by Goldencollared Manakin Manacus vitellinus (Gould, 1843) and Red-capped Manakin Pipra mentalis (P.L. Sclater, 1857) in Barro Colorado Island. Loiselle et al. (2007) recorded seeds of 70 and 39 plant species in feces of P. mentalis and White-ruffed Manakin Corapipo altera (P.L. Sclater, 1863), respectively, in Costa Rica, plus seeds of 49 plant species in feces of Blue-crowned Manakin Lepidothrix coronata (Spix, 1825), 27 plant species for Golden-headed Manakin Pipra erythrocephala (Linnaeus, 1758), 33 plant species for Wire-tailed Manakin P. filicauda (Spix, 1825) , and 44 plant species for Whitecrowned Manakin P. pipra (Linnaeus, 1758) 
in Ecuador.
Manacus manacus and other manakins have a wide gape in relation to their body size, which allows them to swallow whole fruits that cannot be swallowed by larger birds such as some tanagers (Snow 1962 ). In our study, M. manacus had no difficult to swallow fruits up to 12 mm width; fruits up to 16 mm width (e.g., Coussarea paniculata M. Vahl Standl.) were swallowed by this species in Trinidad (Snow 1962) . Manacus manacus was also recorded consuming all types of available fruits, including unripe ones. According to Levey (1987a) , the less rigorous fruit selection by manakins may be a consequence of their fruit-handling technique and foraging manoeuvres that enable them to swallow fruits whole in such a way that does not permit the detection of fruit taste once birds rarely come into contact with any part of a fruit except skin surface. Additionally, manakins apparently do not suffer negative effects of toxic secondary compounds usually present in unripe fruits. Foster (1977) recorded a high frequency of unripe fruits eaten by the Long-tailed Manakin (Chiroxiphia linearis) during a period of fruit scarcity in Costa Rica, and detected no difference in the body mass of individuals between periods of normal availability and scarcity of ripe fruits.
From the bird's perspective, the gulper behavior of manakins may be disadvantageous because birds accumulate seeds in their guts (Levey 1987b) . However, because their high metabolic rate (see Barske et al. 2011) , studies indicated that some manakins (including Manacus spp.) evolved behavioral and physiological adaptations such as rapid passage of fruits (and seeds) through their guts, high assimilation of nonstructural carbohydrates, selective regurgitation, and rapid elimination of bulky seeds that allow them to ingest a high rate of fruits compared to larger birds (see Worthington 1989) . In another study, we estimated an average of four defecations (or regurgitations) containing 1.3 seeds per defecation (or regurgitation) at each 5 min (Cestari & Pizo 2013 ) . This defecation rate is relatively high even compared with other manakin species (Worthington 1989) .
In conclusion, the consumption of fruits of a great variety of plant species and, judging by other manakin species (Loiselle et al. 2007 ), the gentle treatment of ingested seeds makes M. manacus a prominent seed disperser in restinga forests, an ecosystem often degraded by urban expansion for which restoration efforts are urgently needed. As an abundant species that disperse a variety of seeds and move widely through restinga forests (Cestari & Pizo 2013) , M. manacus is an important helper of restoration efforts. 
